A family of benzotriazole based coordination compounds, obtained in two steps and good yields from commercially available materials, formulated [Cu avoiding any issues that would inhibit its performance.
Introduction
Coordination polymers (CPs) are compounds constructed from metal centers and polytopic organic ligands through coordination bonds, in order to form structures that extend into one, two or three dimensions. 1 These species have received tremendous attention due to their use in gas sorption, 2 drug delivery, 3, 4 luminescence, 5 magnetism, 6 sensing 7 and catalysis 8 .
The latter application has been thoroughly studied for porous three dimensional CPs, also known as metal organic frameworks (MOFs); however, there is a significant impact on their preparation and handling 9 . One dimensional (1D) CPs are typically easy to synthesize and their composition may be easily tuned, via variation of ligand/metal/counter ion, in order to optimize their application potential, [10] [11] [12] of which most interestingly, their catalytic properties have been scarcely studied. [13] [14] [15] [16] [17] [18] The metal catalyzed multi-component reaction (MCR) of an aldehyde, an amine and an alkyne, also known as the A 3 coupling, has gathered significant interest. [19] [20] [21] [22] [23] [24] [25] [26] [27] This coupling reaction yields propargyl amines, which have been proposed as key intermediates in the synthesis of nitrogen-containing biologically active compounds such as acrylamidines, 28 oxazoles, 29, 30 pyrroles, 31 pyrrolidines 32 as well as natural products. 33, 34 Due to this importance, a large variety of metal sources have been employed to catalyze this reaction such as Au(I)/Au(III), [35] [36] [37] Ag(I), [38] [39] [40] [41] Cu(I), 26, [42] [43] [44] [45] In(III) 46 or Rh(III). 47 More common transition metals, such as Cu(II), [48] [49] [50] Fe(III), [51] [52] [53] Ni(II) 54 and Zn(II) 55 have also been occasionally employed, albeit with higher catalyst loadings and under inert conditions.
Benzotriazole has been extensively used in organic transformations as auxiliary 56 or to yield other heterocycles 57 4 benzotriazole-based ligands. 67, 68 
[Cu
(11), as well as the catalytic application of 1 -11 in to the A 3 coupling reaction between aldehydes, alkynes and amines yielding the corresponding propargylamines derivatives.
Scheme 1.
The organic ligands (L 1 -L 3 ) used in this study.
EXPERIMENTAL
Materials. Chemicals (reagent grade) were purchased from Sigma Aldrich, Acros Organics and Alfa Aesar. Materials and solvents were used with no further purification. Ligand L 1 and compounds 1-3 were synthesized according to the reported procedure 69 . Safety note:
Perchlorate salts are potentially explosive; such compounds should be used in small quantities and handled with caution and utmost care at all times.
Instrumentation. IR spectra of the samples were recorded over the range of 4000-650 cm -1 on a Perkin Elmer Spectrum One FT-IR spectrometer fitted with a UATR polarization accessory.
EI-MS was performed on a VG Autospec Fissions instrument (EI at 70 eV). TGA analysis was performed on a TA Instruments Q-50 model (TA, Surrey, UK) under nitrogen and at a scan rate of 10°C/min. NMR spectra were measured on a Varian VNMRS solution-state spectrometer at 30°C. Chemical shifts are quoted in parts per million (ppm). Coupling constants (J) are recorded in Hertz (Hz). UV-Vis measurements were performed on a Thermo Scientific Evolution300 UV-Vis Spectrophotometer and the collected data were processed using the Vision Pro software. Cyclic voltammetry studies were performed using a BASi-Epsilon potentiostat under computer control. IR drop was compensated using the feedback method.
Cyclic voltammetry experiments were performed using a three-electrode configuration with glassy carbon disc (7.0 mm 2 ) as the working electrode, a Pt wire as the counter electrode and Ag wire as the pseudoreference electrode. Sample solutions were prepared by dissolving the 7 were prepared with Crystal Maker and MERCURY 76 . Each of the crystal structures (4-10) has been deposited at the CCDC 1522927-1522931, 1538190 and 1538191.
SYNTHETIC PROCEDURES
General Catalytic Protocol for A 3 coupling. A mixture of aldehyde (1 mmol), amine (1.1 mmol), alkyne (1.2 mmol), Cu catalyst (2 mol%, based on aldehyde amount) and 2-propanol (5 ml) was added into a sealed tube and stirred at 90 °C for selected time. The reaction was monitored by thin layer chromatography (TLC). After completion, the slurry was filtered upon a short pad of silica (to withhold the catalyst) and the filtrate was evaporated under vacuum.
The resulting residue was then loaded to a flash column chromatography and the product propargyl amine was isolated through a silica gel using a mixture of hexane/EtOAc in a ratio of 10/1, as the eluent. Cu(OTf)2·H2O were dissolved in 15 ml Me2CO while stirring to produce a dark green solution.
Synthesis of
1-(2-((5-methyl-1H-benzo[d][1,2,3]triazol-1-yl)methyl)benzyl)-5-methyl-1H- benzo[d][1,2,3]triazole (L 2 ). 5-methyl-1H-
After stirring for 1 hr, the solution was filtrated, then layered over n-hexane in a 1:2 ratio to produce large blue block crystals after 7 days. Selected IR peaks (cm Crystal structure description. The crystal structures of 1 -3 were recently reported, however they will be described in detail to facilitate discussion and comparison with compounds 4 -11.
Compound 1 crystallizes in the triclinic space group 1 ̅ and contains one molecule in the asymmetric unit. The unit consists of a Cu(II) center, one organic ligand molecule, a perchlorate lattice anion, and two acetonitrile solvent molecules, out of which one acts as a terminal ligand and one is in the lattice; the latter will not be further discussed. In this conformation of the ligand (Table 1 As a result, these structures will not be further described. Figure S5 , ESI). Due to the similarities, the resulting zerodimensional structure will not be further described. Catalytic studies. In order to test the possible catalytic activity of 1 -11, we studied the application of these catalytic systems in the A 3 coupling of benzaldehyde, pyrrolidine and phenylacetylene (Table 2) . During initial experiments with 1 as catalyst we managed to isolate a yellow crystalline material after the end of the reaction, as based on TLC. X-Ray crystallography showed that this material corresponds to the Cu(I) coordination polymer
, which has already been reported and found to inhibit the catalytic performance of 1 69 ( Table 3 , Entry 1). To avoid the conversion issue, we therefore employed 8 in the following optimization procedures.
Furthermore, after screening a variety of solvents for the title reaction, 2-propanol (iPrOH) (an environmentally friendly solvent) 79 was found to provide excellent yields when the reaction mixture was heated to 90 o C (Table S3 , Entry 6, ESI), while other common organic solvents (such as DMF, acetonitrile, DCM) afforded lower yields. In addition, the reaction was To evaluate the catalytic activity of our compound, several control experiments with common Cu(II) salts were performed for the same A 3 reaction and the results are summarized in Table 3 . In all cases, the corresponding Cu(II) salts afforded significantly lower yields, ranged from 55 to 65%, at higher catalyst loading ca. 10 mol%, based on the benzaldehyde amount (Table 4 , entries [1] [2] [3] [4] [5] [6] [7] [8] . Moreover, the use of Cu(II) salts as catalysts in this A 3 coupling with other para-substituted benzaldehydes (such as the 4-chloro-, 4-trifluoromethyl-, 4-methoxy-) instead of benzaldehyde, yielded the corresponding product in low yields (10-15%)
showcasing their limited catalytic efficiency. In absence of catalyst no reaction was observed, result that supports the catalytic behavior of the studied multi-component coupling. Table 3 . Evaluation of various Cu salts as catalysts in the multi-component coupling of phenylacetylene, pyrrolidine and benzaldehyde.
We then explored the scope of the reaction by employing a variety of aldehydes, amines and alkynes. The results are presented in Scheme 2. Using different aldehydes, pyrrolidine as the amine and phenylacetylene under the above described conditions, a variety of alkyl and aryl substituted propargylamines (1a-1k) were formed in moderated to high isolated yields. In particular, saturated aliphatic aldehydes react with higher isolated yields (98-100%), compared
to the aromatic aldehydes that shows slightly lower reactivity with moderate yields in the range 24 of 57 to 89%. Consequently, the results of the amine screening (1l-1u) indicate that only secondary amines lead to reaction completion, in contrast to primary amines in which no reaction was observed. In general, cyclic aliphatic and aromatic secondary amines afford the corresponding propargylamine products in excellent yields, ranging from 98 to 100%.; acyclic secondary amines were found to be slightly less effective. Finally, the employment of 1-hexyne and 4-trifluoromethylphenylacetylene in the reaction process (1v-1x), demonstrated that both alkynes react with the produced imine forming the corresponding propargyl products in good to excellent yields. Tables 1 and 2 ). 2 was synthesized using Cu(NO3)2·2.5H2O and the metal center has a coordination environment of {N2O5}, possessing a pseudo octahedral geometry. The resulting 2D CP, however, only
accounted for disappointing yields when tested as a catalyst ( Table 2 , Entry 2). The employment of halogen copper sources afforded complexes 4, 5 and 6, which show considerable differences. The presence of a coordinating anion once again affects the resulting coordination environments ({N2Cl3}, {N2Cl4}, {N4Br}) and geometries (trigonal bipyramidal, octahedral), which can be found in further detail in Table 1 good catalytic activity in the tested reaction, with yields similar to the initial catalyst ( of the Cu(I) acetylide to the in situ generated iminium ion yields the corresponding propargylamine derivative and water, and regeneration of the catalyst. The proposed catalytic pathway can be supported, in part, by the recently reported kinetic studies on the effect of alcoholic solvents to Cu(II) Schiff base complexes, 81 and Cu(II)-catalyzed aerobic oxidation of benzylic alcohols in an imidazole containing N4 ligand framework.
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CONCLUSION
In this work, we have introduced a system of 1D Cu(II) CPs that can catalyze the multicomponent reaction of aldehydes, amines and alkynes to produce propargylamine derivatives. In particular, fine-tuning of the catalyst allowed us to generate a 1D CP with excellent catalytic activity, avoiding any issues that would inhibit its performance. The method uses relatively mild conditions and provides results for a broad range of substrates, especially when aliphatic aldehydes and secondary amines are employed. Furthermore, it eliminates the need for expensive metal salts, inert atmosphere or high loadings. We have also attempted to shed more light on the mechanism of the reaction, from an inorganic point of view; through a thorough synthesis and study of targeted CPs, we evaluated how factors like coordination geometry, anion, ligand tuning affect the catalytic activity. The results are consistent with the suggested mechanism. We envision that this work demonstrates the catalytic potential of the rarely used 1D CPs. As such, our future efforts will be dedicated to a) synthesize variations of 
